PURPOSE Recent evidence suggests that depression is linked to increased mortality among patients with diabetes. This study examines the association of depression with all-cause and cause-specifi c mortality in diabetes.
INTRODUCTION
E pidemiologic studies conducted in both community and medical settings fi nd that people with diabetes are more likely than others to experience depression. 1 Depression affects about 20% to 25% of patients with diabetes, nearly twice as many as in the general medical population. 2, 3 Recent evidence suggests that patients with diabetes and coexisting depression have higher all-cause mortality relative to diabetes patients with no depression. [4] [5] [6] [7] [8] Prior studies, however, have not examined how depression infl uences cause-specifi c mortality among patients with diabetes.
From incidence to complications and mortality, depression is linked to adverse health effects of diabetes. Depression-diabetes comorbidity is characterized by younger age of diabetes onset; poor management of diet, exercise, and medications; less favorable glycemic control; and higher risk of complications. [9] [10] [11] End-organ damage resulting from macrovascular and microvascular complications are believed to be common causes of death among persons with diabetes, with ischemic heart disease the most DEPR ES SION, DIA BE T ES, AND MORTA L IT Y common underlying cause of death. 12, 13 Examining cause-specifi c mortality may shed light on possible mechanisms through which depression increases risks of dying and may be a fi rst step toward identifying potentially modifi able risk factors among patients with diabetes and coexisting depression.
Since epidemiologic research fi rst linked depression with increased mortality after myocardial infarction, 14 most research on depression and mortality has focused on cardiovascular disease. 15 Hypothesized mechanisms include biologic, behavioral, genetic, and social factors, ranging from infl ammatory factors (eg, C-reactive protein) to physical inactivity and lack of social support. 16 Our study examines the association of depression with all-cause and cause-specifi c mortality among persons with diabetes and is part of a larger epidemiologic and intervention study among primary care patients with diabetes (The Pathways Epidemiologic Follow-up Study). 3, 17 We sought to determine whether depression was associated mainly with mortality caused by cardiovascular disease or was also associated with increased risks of death from other common medical causes.
METHODS

Setting
Group Health Cooperative is a mixed-model prepaid health plan serving approximately 500,000 members in Washington state. Most Group Health members receive diabetes and medical services within the integrated group practice, which includes 30 primary care clinics in Western Washington. The Group Health enrollment is demographically similar to the area population. Nine primary care clinics were selected for (1) the largest numbers of patients with diabetes, (2) geographic proximity to Seattle, and (3) racial and ethnic diversity. Mean age was slightly higher in the selected clinics (48.8 years vs 47.4 years in all Group Health clinics), and sex distribution was nearly identical (54.7% women vs 54.5% men) compared with the other 21 Group Health primary care clinics. All study procedures were approved by institutional review boards at Group Health and the University of Washington.
Study Cohort Selection
The cohort for the longitudinal survey, the Pathways Study, was drawn from adults in the Group Health diabetes registry who received care at any of the 9 primary care clinics between 2000 and 2002. 3 The diabetes registry includes all Group Health members meeting any of the following eligibility criteria in the preceding 12 months: fi lled prescription for insulin or an oral hypoglycemic agent, 2 fasting plasma glucose levels of 126 mg/dL or greater in a 12-month period, 2 random plasma glucose levels of 200 mg/dL or greater in a 12-month period, 2 outpatient diagnoses of diabetes, or any inpatient diagnosis of diabetes. Beginning in March 2001, questionnaires were mailed to 9,064 potentially eligible patients, but 1,223 patients were later found to be ineligible because of such reasons as death, disenrollment, erroneous diagnosis of diabetes, or cognitive impairment (Figure 1) . Among the 7,841 eligible patients, 4,839 (61.7% of eligible patients) returned the baseline questionnaire.
Overall, nonresponders were less likely to be on antidepressants (23% vs 26% for responders), were less likely to be on insulin (25% vs 30%), were less likely to be on the Group Health heart care registry (40% vs 52%), had fewer primary care visits in the year before the survey or survey attempt (mean 5.1 vs 6.0), had fewer specialty care visits in the previous year (mean 2.8 vs 3.5), were younger (mean age 58.9 vs 64.6 years), and were less likely to have had a recent glycated hemoglobin (HbA 1c) measurement (86.1% vs 97.5%). Of those with HbA 1c results in the previous year, nonresponders were more likely to have a blood glucose level that exceeded 8% (50% vs 37%). Nonresponders also had a lower comorbidity score (RxRisk) than responders (mean 2,873 vs 3,490). Patients with type 1 or unknown type of diabetes (n = 216) were excluded. A total of 4,623 patients with type 2 diabetes participated in the study and comprised the original Pathways Epidemiologic Study cohort. Consenting patients completed a 20-minute telephone interview and were asked for permission to review their electronic and paper medical records for information on medical conditions. Waiver of consent for medical record review was approved by the Human Subjects Review Committee for patients who had died since enrollment in the cohort.
Measures
Depression at baseline was assessed using the Patient Health Questionnaire-9 (PHQ-9), 18 a self-report measure of depression symptoms based on the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) 19 criteria for diagnosis of depressive episode. The PHQ-9 has been found to have an adequate sensitivity and high specifi city in relation to a diagnosis of major depression based on structured interviews. 20 Each item was scored as positive if endorsed "more than half the time" or "nearly all the time." A diagnosis of major depression required a positive response to 1 of the 2 core symptoms (depressed mood or loss of interest) and a total of 5 positive symptoms for at least the last 2 weeks. Criteria for minor depression were at least 1 core symptom (depressed mood or loss of interest) and a total of 2 to 4 positive symptoms for at least the last 2 weeks.
The mailed questionnaire elicited information on sociodemographic characteristics (age, sex, race, educational attainment, and employment), diabetes duration, diabetes treatment (none or diet, oral hypoglycemic only, insulin with or without an oral hypoglycemic), height, weight, and health risk behaviors (smoking, physical activity [exercise 1 d/wk or more]). Medical record review and automated laboratory data provided information on physician diagnosis of hypertension, body mass index at baseline, and HbA 1c levels during the 12 months before baseline. Computerized pharmacy records were used to compute the RxRisk score, a measure of medical comorbidity that has been found to predict mortality and health care costs. 21, 22 The numerical score indicates predicted health services costs for the next 6 months. For this study, antidepressant and hypoglycemic medications were not included in the calculation of the RxRisk score. This modifi ed RxRisk score should be considered a measure of overall medical comorbidity other than depression or diabetes.
Mortality, Cause of Death
Each year, Group Health conducts a computerized match between its enrollment fi les and the death registry fi les of Washington state. Each participant's vital status was checked using this information before conducting the follow-up mailing and telephone survey. Several additional deaths were ascertained at the time of telephone survey. The underlying cause of death was classifi ed on the basis of review of inpatient and outpatient medical records just preceding the death, the death certifi cate, and other records, such as an autopsy report, using the methods developed in the Women's Health Initiative, 22 with researchers blinded to information on depression status and cohort entry date. 23 Evidence documented on recent hospitalization, outpatient visits, and autopsy records was considered the most reliable for determining cause of death. The death certifi cate diagnosis was used when no other records were available. Two physicians (S.H. and E.H.B.L.) reviewed all deaths and determined the underlying cause of death by consensus. Mortality caused by atherosclerotic cardiovascular disease included deaths caused by coronary artery disease, ischemic stroke, or peripheral vascular disease. Strokes were assumed to be ischemic if there was no International Classifi cation of Disease, Ninth Revision (ICD-9) code indicating hemorrhagic stroke. Heart disease deaths that were not due to coronary disease, such as deaths resulting from valvular heart disease, were classifi ed as cardiac, noncoronary deaths and were not included in the cardiovascular disease category.
Statistical Analyses
Causes of death were divided into 3 groups: (1) cardiovascular disease mortality, (2) cancer mortality, and (3) noncardiovascular, noncancer mortality. The latter group included infection, dementia, renal failure, chronic obstructive pulmonary disease, and other causes. Each cause occurred too infrequently to support cause-specifi c analyses, and these causes of death were therefore combined as the noncardiovascular, noncancer mortality group.
We estimated the association between depression and mortality using a proportional hazards model. We fi t 3 proportional hazards models to each mortality outcome, with each sequential model including additional covariates. The fi rst model included baseline depression (major, minor, none) adjusted for demographic characteristics (age, sex, race, education, and marital status). The second model added clinical characteristics at baseline (diabetes duration, type of treatment, medical comorbidity, and hypertension diagnosis). The third model added baseline health habits and disease control measures that may be affected by depression (HbA 1c , body mass index, smoking, and limited physical activity). We examined the proportional hazards assumption using Schoenfeld residuals as described by Therneau and Grambsch. 24 Time to death was censored at disenrollment from the health plan. Cause-specifi c analyses censored individuals at the time of other-cause event. When there are competing risks, this type of censoring can bias estimated associations. 25 For example, if individuals who die from cancer are also more likely to die of cardiovascular disease, then censoring individuals at cancer death removes individuals at higher risk for cardiovascular disease from the analysis, so that the remaining individuals are at lower risk for cardiovascular death than would be expected with a random censoring process. We used sensitivity analyses to examine the potential impact of competing risks on estimates of the association between depression and cause-specifi c mortality outcomes. In a second set of analyses, we used a cumulative incidence approach, censoring individuals only at disenrollment, keeping those with deaths from other causes in the risk set. There were no meaningful differences in the estimated association between depression and cause-specifi c mortality under these 2 censoring mechanisms, suggesting that competing risks did not bias estimated effects of depression. We present results only for the cause-specifi c models that censor individuals at the time of other-cause events.
RESULTS
Figure 1 displays the Pathways Epidemiologic and
Follow-Up Study sample recruitment. Among 4,623 patients with type 2 diabetes surveyed at baseline, 73 (1.6%) were lost to follow-up and vital status could not be determined. Follow-up data were collected on a total of 4,550 patients, of whom 102 (2.2%) did not give permission for review of medical record data. Data were missing on depression status (n = 12), 1 or more demographic or clinical variables (n = 298), or cause of death (n = 14), leaving a fi nal sample size of 4,184 patients for analysis. The duration of follow-up was nearly 5 years (mean = 4.4 years; SD, 1.5 years).
Clinical and demographic characteristics of the Pathways cohort by baseline depression status are summarized in Table 1 . As reported previously, diabetes patients with major depression were more likely to be women, slightly younger, and receiving insulin treatment, and they had higher HbA 1c levels and more medical comorbidities. Patients with major depression also reported more health-risk behaviors, such as physical inactivity and smoking. 3 There were 428 (12.8%) deaths in 3,334 patients without depression, 65 (18.2%) deaths in 357 patients with minor depression, and 88 (17.9%) deaths in 493 patients with major depression. Cause of death was atherosclerotic cardiovascular disease in 42.7%, cancer in 26.9%, a noncardiovascular or noncancer cause in 30.5% (Table 2) . Table 3 displays the model-based hazard ratios for the mortality groups, comparing baseline depression status relative to the no depression group. Major depression was associated with both all-cause and noncardiovascular, noncancer-related mortality for all alternative regression models. The strength of asso-ciation between depression and mortality decreased after adjustment for clinical characteristics and, to a lesser extent, potential mediators. Major depression was associated with cardiovascular-related mortality after controlling for demographic variables, but not after controlling for clinical or potentially mediating variables. Risk for cancer-related mortality appeared elevated but the increase did not reach statistical signifi cance. After adjustment for demographic characteristics, clinical characteristics, and health habits, the strongest observed association was between major depression and noncardiovascular, noncancer-related mortality (HR = 2.15; 95% CI, 1.43-3.24) followed by the association between major depression and allcause mortality (HR = 1.52; 95% CI, 1.19-1.95). Minor depression and mortality outcomes showed similar associations, but the associations were weaker and were not signifi cant in covariate-adjusted models (Table 3) .
DISCUSSION
In the Pathways Epidemiologic Follow-up Study of a primary care cohort of patients with diabetes, we found that atherosclerotic cardiovascular disease and cancer were the 2 leading causes of death. Noncardiovascular and noncancer causes, such as infection, dementia, renal failure, and chronic obstructive pulmonary disease, were less common. Consistent with earlier research, diabetes patients with coexisting depression differed signifi cantly from those with no depression. Depressed patients were more likely to be single women and slightly younger, but they had longer duration of diabetes, less-healthful habits, worse glycemic control, and more medical comorbidities. After adjustment for demographic and clinical char- acteristics, health risk behaviors, and disease control measures, major depression was signifi cantly associated with all-cause mortality and noncardiovascular, noncancer-related mortality. After adjustment for these same characteristics, minor depression showed a nonsignifi cant association with any mortality outcome. For both major and minor depression, adjustment for clinical characteristics attenuated the associations with mortality outcomes. Strengths of this study include the validated diagnosis of diabetes, standardized assessment of depression symptoms based on the DSM-IV criteria for diagnosis of major and minor depression, 18, 20 inclusion of clinical characteristics and health-risk behaviors (such as severity of coexisting medical conditions and smoking status) in the analytic models, and review of the original medical records and death certifi cate data that permitted adjudication of the underlying cause of death using validated methods.
Limitations of the present study are that depression was assessed at a single point in time and we did not have information about the history of depression before baseline measurements or interim depression status before death. Lack of information on medication adherence is a limitation of these analyses. Although review of medical records can help overcome inaccuracies in the death certifi cate coding of cause of death, adjudication of underlying cause of death remains diffi cult and is subject to error. As with all observational studies, there is the potential for residual confounding, that is, that effects of depression on mortality may be due to another characteristic related to both depression and mortality.
It should be noted that the clinical and lifestyle factors which were adjusted for in the analytic models may include variables through which depression infl uences mortality rates (mediators such as severity of coexisting medical conditions), as well as factors that independently infl uence mortality and are also associated with depression (confounders such as physical activity). Our earlier research showed that patients with diabetes and comorbid depression develop diabetes 5 to 6 years earlier than those without depression and have poor self-care, which may infl uence severity of diabetes. 3 Also, depression was shown to be associated with such health behaviors as sedentary lifestyle, obesity, and smoking. 10 It was not possible to completely differentiate the effects of potential mediators and potential confounders on the relationship between major depression and mortality. In the fully-adjusted model, the nonsignifi cant association of major depression with cardiovascular-related mortality may refl ect that the clinical factors and health-risk behaviors controlled for in the analyses included important variables implicated in the relationship between depression and cardiovascular-related mortality (eg, diabetes duration, This study is the fi rst to examine cause-specifi c mortality and depression in a diabetes cohort. Our fi ndings suggest that patients with comorbid diabetes and depression face increased mortality risks beyond cardiovascular-related mortality. Emerging epidemiologic results among worldwide populations not limited to patients with diabetes have reported positive links between depression and mortality across a wide spectrum of noncardiovascular causes, including cancer, human immunodefi ciency virus, chronic obstructive pulmonary disease, and rheumatoid arthritis. [26] [27] [28] [29] A large population-based study in Norway confi rmed that depression was a risk factor for all major diseaserelated deaths, not just cardiovascular disease. 30 A randomized clinical trial among older adults recently showed that improving depression care was associated with lower mortality. 31 Our study identifi ed potentially modifi able characteristics (eg, severity of coexisting medical disorders, unhealthy lifestyles, and glycemic control) that may be particularly important in cardiovascular-related mortality among persons with diabetes., Controlling for these factors, however, did not fully explain the association between major depression and all-cause mortality. The association of depression with a wide spectrum of mortality causes calls for reexamination of the causal mechanisms underlying the link between depression and excess mortality. These factors are likely to be pervasive and to include both physiologic and behavioral pathways. Obesity, smoking, and physical inactivity are more common among patients with diabetes and depression compared with diabetes patients who do not have depression, 10 which may help explain the ubiquitous association of depression with a wide array of death causes. Poor adherence to medications among depressed patients also represents another behavioral pathway to higher mortality across illnesses. Physiologic changes evident among depressed patients with cardiovascular disease, such as infl ammatory processes, 32 can also play a role in noncardiovascular mortalities, such as dementia. 33 The association of depression with changes in neuroendocrine system regulation and immune system function could also increase mortality risks beyond cardiovascular disease. 34, 35 To decrease the mortality burden for patients with comorbid diabetes and depression, studies should examine interventions aimed at improving health behavior, medication adherence, and better control of medical comorbidities, in addition to optimal depression care.
